Appendix H
Evaluation of Human Health Effectsfrom Normal Facility Operations

H.1 INTRODUCTION

This appendix presents detailed information on the methodology employed for calculating potentia impacts
and risks to humans associated with releases of radioactivity and hazardous chemicals from the proposed
facilities during normal operations and certain accident scenarios. Thisinformation isintended to support the
public and occupationa health and safety assessments described in Chapter 4 of this Draft Programmatic
Environmental Impact Statement for Accomplishing Expanded Civilian Nuclear Energy Research and
Development and I sotope Production Missionsin the United Sates, Including the Role of the Fast Flux Test
Facility (Nuclear Infrastructure Programmatic Environmental Impact Statement [NI PEIS]). Section H.2.1
provides general background information on ionizing radiation and associated health effects, Section H.2.2
discusses the methodology used in the assessment of normal radiological impacts, and Section H.2.3 provides
abrief overview of data used in the radiological assessments. Hazardous chemical impacts are presented in
Section H.3. Further detailed information regarding potential radiological impacts resulting from facility
accidents are discussed in Appendix | of thisNI PEIS.

This appendix presents numerical information using engineering and/or scientific notation. For example, the
number 100,000 can also be expressed as 1x10°. The fraction 0.00001 can aso be expressed as 1x10°. The
following chart defines the equivalent numerical notations that may be used in this appendix.

Fractions and Multiples of Units
Multiple Decimal Equivalent Prefix Symbol
1x10° 1,000,000 mega- M
1x10° 1,000 kilo- k
1x10? 100 hecto- h
1x10 10 deka- da
1x10* 0.1 deci- d
1x107? 0.01 centi- c
1x10° 0.001 milli- m
1x10® 0.000001 micro- u
1x10° 0.000000001 nano- n
1x10?? 0.000000000001 pico- p
1x10™ 0.000000000000001 femto- f
1x10?8 0.000000000000000001 atto- a

H.2 RADIOLOGICAL IMPACTSON HUMAN HEALTH

H.2.1  Background Information

H.2.1.1 Natureof lonizing Radiation and Its Effectson Humans

What Islonizing Radiation? lonizing radiation (hereafter referred to as “radiation”) is energy transferred

in the form of particles or waves. Humans are exposed constantly to cosmic radiation and radiation from the
earth’ srocks and soil. (Theterm “radiation” encompasses several phenomena, including light, heat waves,
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microwaves, radio waves, and ionizing radiation. The discussion of radiation in this section addresses ionizing
radiation, and the term “radiation” is used to mean ionizing radiation.) Thisradiation contributesto the natural
background radiation that has always surrounded us. Manmade sources of radiation also exist, including
medical and denta x-rays, household smoke detectors, and materials released from nuclear and coal-fired
powerplants.

Radiation comes from the activity of atoms, which form the substance of all matter in the universe. Atoms are
composed of even smaller particles (protons, neutrons, electrons), whose number and arrangement distinguish
atoms of one element from another. Elements consist of atoms having the same number of protons. Atoms
of the same element with varying numbers of neutrons are known as isotopes of that element. There are more
than 100 natural and manmade elements. Some of these isotopes (including isotopes of elements, such as
uranium, radium, plutonium, and thorium) share a very important quality: they are unstable (i.e., they decay).
Asthey change into more stable forms, invisible waves of energy or particles, known asionizing radiation, are
released. Radioactivity is the emitting of this radiation.

lonizing radiation refers to the fact that this energy emitted from unstable atoms can ionize, or electrically
charge, atoms by stripping off electrons, leaving them with a positive charge. lonizing radiation can cause a
changein the chemical composition of many materias, including living tissue (organs), which can affect the
way they function.

» Alpha particles are one type of
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» Beta particles are much lighter
than alpha particles. They can travel at a speed of up to 160,000 kilometers per second (99,400 miles
per second) and can travel in the air for adistance of approximately 3 meters (9.8 feet). Betaparticles
can pass through a sheet of paper but may be stopped by a thin sheet of aluminum foil or glass.

+ Gammarays and x-rays, unlike aphaor beta particles, are waves of pure energy. Gammarays travel
a the speed of light (300,000 kilometers per second [186,000 miles per second]). Gamma radiation
isvery penetrating and requires a thick wall of concrete, lead, or steel to stop it.

« Theneutron isanother particle that contributes to radiation exposure, both directly and indirectly. The
|atter is associated with the gammarays and apha particles that are emitted following neutron capture
in matter. A neutron has about one quarter the weight of an alpha particle and can travel at speeds of
up to 39,000 kilometers per second (24,200 miles per second). Neutrons are more penetrating than
beta particles but typically |ess penetrating than gammac rays.
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The effects on people of radiation emitted during the disintegration (decay) of a radioactive substance depend
on the type of radiation (alpha and beta particles and gamma and x-rays) and the total amount of radiation
energy absorbed by the body. Thetota energy absorbed per unit quantity of tissueis referred to as absorbed
dose. The absorbed dose, when multiplied by certain quality factors and factors that take into account different
sensitivities of varioustissues, isreferred to as effective dose equivaent or, where the context is clear, smply
dose. The common unit of effective dose equivaent is the roentgen equivalent man (rem); 1 rem equals
1,000 millirem.

The radioactivity of amaterial decreases with time. The time it takes a materia to lose half of its original
radioactivity is designated its half-life. For example, a quantity of iodine-131, amaterial that has a half-life
of eight days, will lose one-half of its radioactivity in that amount of time. In eight more days, one-half of the
remaining radioactivity will belost, and so on. Eventually, the radioactivity will essentially disappear. Each
radioactive dement has a characteristic half-life. The half-lives of various radioactive elements may vary from
millionths of a second to millions of years.

When aradioactive element emits a particle or gamma-ray, it often changesto an entirely different element,
one that may or may not be radioactive. Eventually, a stable element isformed. This transformation, which
may take several steps, is known as adecay chain. Radium, for example, is a naturally occurring radioactive
element with a half-life of 1,622 years. It emits an alpha particle and becomes radon, aradioactive gas with
a half-life of only 3.8 days. Radon decays first to polonium, then through a series of steps to bismuth, and
ultimately to lead.

Units of Radiation Measure. Scientists and engineers use a variety of units to measure radiation. These
different units can be used to determine the amount, type, and intensity of radiation. Just as heat can be
measured in terms of its intensity or effects using units of calories or degrees, amounts of radiation can be
measured in curies, radiation absorbed dose (rad), or rem.

+ Curie. Thecurie, named after the French scientists Marie and Pierre Curie, describes the “intensity”
of asample of radioactive material. The rate of decay of 1 gram of radium isthe basis of this unit of
measure. Itisequal to 3.7x10" disintegrations (decays) per second.

« Rad. The tota energy absorbed per unit
quantity of tissue isreferred to as absorbed dose.
The rad is the unit of measurement for the
physical absorption of radiation. As sunlight | 1 Cj=3.7x10" sec® = 3.7x10" becquerel
heats pavement by giving up an amount of | 1rad =100 erg/g = 0.01 gray
energy to it, radiation gives up rads of energyto | 1 erg =107 joule
objects in its path. One rad is equal to the | 19ray=1joule/kg =100 rad
amount of radiation that leads to the deposition | 1 rem = 0.01 sievert
of 0.01 joule of energy per kilogram of
absorbing material.

Radiation Units and Conversions

+ Rem. A remisameasurement of the dose from radiation based on its biological effects. Theremis
used in measuring the effects of radiation on the body. Thus, 1 rem of one type of radiation is
presumed to have the same biological effects as 1 rem of any other kind of radiation. This allows
comparison of the biological effects of radionuclides that emit different types of radiation.

An individua may be exposed to ionizing radiation externally (from a radioactive source outside the body) or
internaly (from ingesting or inhaling radioactive material). The external dose is different from the internal
dose because an external dose is delivered only during the actual time of exposure to the external radiation

H-3



Draft Programmatic Environmental Impact Statement for Accomplishing Expanded Civilian Nuclear Energy Research and Development and
|sotope Production Missions in the United Sates, Including the Role of the Fast Flux Test Facility

source, but an interna dose continues to be ddlivered as long as the radioactive sourceisin the body. For the
analyses conducted in this NI PEIS, the dose from internal exposure is calculated over 50 years following the
initial exposure; both radioactive decay and elimination of the radionuclide by ordinary metabolic processes
decrease the dose rate with the passage of time.

The three types of doses calculated in this NI PEIS are externa dose, internal dose, and combined external and
internal dose. Each type of dose is discussed separately in the following paragraphs.

« External dose. Theexterna dose can result from several different pathways, all having in common
the fact that the radiation causing the exposure is external to the body. In this NI PEIS, these
pathways include exposure to a cloud of radiation passing over the receptor or standing on ground that
is contaminated with radioactivity. The appropriate measure of dose is caled the effective dose
equivaent. If the receptor departs from the source of radiation exposure, the dose rate will be reduced.
It is assumed that external exposure occurs uniformly during the year.

+ Internal dose. Theinternal dose results from a radiation source entering the human body via any
means, such as through ingestion of contaminated food or water or inhalation of contaminated air.
In this NI PEIS, pathways for internal exposure include: (1) ingestion of crops contaminated by
airborne radiation deposits, (2) ingestion of anima products from animals that ingested contaminated
food, and (3) inhalation of contaminated air. In contrast to external exposure, once radioactive
materia entersthe body, it remains there for a period of time that depends on the rate of radiological
decay and biologica elimination rates. The unit of measure for internal doses is the committed dose
equivaent. Itistheinternal dose that each body organ receives from the ingestion and inhalation of
radioactive material. In thisanalysis of health impacts from normal operations, the committed dose
equivalent is calculated for an annual intake period. Normally, a 50-year dose-commitment period
isused (i.e., the 1-year intake period plus 49 years). The dose rate increases during the 1 year intake.
The dose rate after the first year intake declines slowly as the radioactivity in the body continues to
produce adose. Theintegral of the dose rate over the 50 years gives the committed dose equivalent.

The various organs of the body have different susceptibilities to harm from radiation. The quantity that takes
these different susceptibilitiesinto account to provide abroad indicator of the risk to the hedlth of an individua
from radiation is called the committed effective dose equivalent. It is obtained by multiplying the committed
dose equivalent in each major organ or tissue by aweighting factor associated with the risk susceptibility of
the tissue or organ, then summing the totals. It is possible for the committed dose equivalent to an organ to
be larger than the committed effective dose equivaent if that organ has a smal weighting factor. The concept
of committed effective dose equivalent applies only to internal pathways.

+ Combined external and internal dose. The sum of the committed effective dose equivaent from
internal pathways and the effective dose equivalent from externa pathways is called the “total
effective dose equivaent.” The U.S. Department of Energy (DOE), in DOE Order 5400.5, calls this
quantity the “ effective dose equivalent.”

The units used in this NI PEIS for committed dose equivalent, effective dose equivalent, and committed
effective dose equivalent to an individua are the rem and millirem (1/2000 of 1 rem). The corresponding unit
for the collective dose to a population (the sum of the doses to members of the population, or the product of
the number of exposed individuals and their average dose) is the person-rem.

Sour ces of Background Radiation. The average American receives atotal of approximately 360 millirem
per year from all sources of radiation, both natural and manmade. The sources of radiation can be divided into
six different categories: (1) cosmic radiation, (2) external terrestrial radiation, (3) internal radiation,
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(4) consumer products, (5) medical diagnosis and therapy, and (6) other sources (NCRP 1987). These
categories are discussed in the following paragraphs:

Cosmic radiation. Cosmic radiation isionizing radiation resulting from energetic charged particles
from space continuoudly hitting the earth’ s atmosphere. These particles, and the secondary particles
and photons they create, are cosmic radiation. Because the atmosphere provides some shielding
against cosmic radiation, the intensity of this radiation increases with atitude above sealevel. The
average dose to the people in the United States from this source is approximately 27 millirem per year.

External terrestrial radiation. Externa terrestrial radiation is the radiation emitted from the
radioactive materials in the earth’s rocks and soils. The average dose from externa terrestria
radiation is approximately 28 millirem per year.

Internal radiation. Internal radiation results from the human body metabolizing natural radioactive
material that has entered the body by inhalation or ingestion. Natura radionuclides in the body
include isotopes of uranium, thorium, radium, radon, polonium, bismuth, potassium, rubidium, and
carbon. The major contributor to the annual dose equivalent for internal radioactivity are the
short-lived decay products of radon, which contribute approximately 200 millirem per year. The
average dose from other internal radionuclidesis approximately 39 millirem per year.

Consumer products. Consumer products also contain sources of ionizing radiation. In some
products such as smoke detectors and airport x-ray machines, the radiation source is essentia to
product operation. 1n other products, such astelevisions and tobacco, the radiation occurs incidentally
to the product function. The average dose from consumer products is approximately 10 millirem per
year.

Medical diagnosis and therapy. Radiation is an important diagnostic medical tool and cancer
treatment. Diagnostic x-rays result in an average exposure of 39 millirem per year. Nuclear medical
procedures result in an average exposure of 14 millirem per year.

Other sources. There are a few additional sources of radiation that contribute minor doses to
individuals in the United States. The dose from nuclear fuel-cycle facilities (e.g., uranium mines,
mills, and fud processing plants), nuclear power plants, and transportation routes has been estimated
to belessthan 1 millirem per year. Radioactive fallout from atmospheric atomic bomb tests, emissions
of radioactive material from DOE facilities and facilities licensed by the U.S. Nuclear Regulatory
Commission (NRC), emissions from certain mineral extraction facilities, and transportation of
radioactive materias contribute less than 1 millirem per year to the average dose to an individual. Air
travel contributes approximately 1 millirem per year to the average dose.

The collective (or population) dose to an exposed population is calculated by summing the estimated doses
received by each member of the exposed population. Thistotal dose received by the exposed population is
measured in person-rem. For example, if 1,000 people each receive a dose of 1 millirem (0.001 rem), the
collective dose is 1,000 persons x 0.001 rem = 1.0 person-rem. Alternatively, the same collective dose
(2.0 person-rem) results if 500 people each receive a dose of 2 millirem (500 persons x 2 millirem =
1 person-rem).

Limits of Radiation Exposure. The amount of manmade radiation that the public may be exposed to is
limited by Federal regulations. Although most scientists believe that radiation absorbed in small doses over
several yearsis not harmful, U.S. Government regulations assume that the effects of al radiation exposures
are cumulative.
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Under the Clean Air Act, releases of materials to the atmosphere from DOE facilities is limited by the U.S.
Environmental Protection Agency (EPA) to quantities that would produce a dose of less than 10 millirem per
year to amember of the general public (40 CFR Part 61). DOE aso limitsto 10 millirem the dose annually
received from material released to the atmosphere (DOE Order 5400.5). EPA and DOE aso limit the annual
dose to amember of the genera public from radioactive releases in drinking water to 4 millirem, as required
under the Safe Drinking Water Act (40 CFR Part 141, DOE Order 5400.5). The annual dose from all radiation
sources from a nuclear-fuel-cycle facility site islimited by EPA to 25 millirem (40 CFR Part 190). The DOE
annual limit of radiation dose from all pathways to a member of the general public is 100 millirem
(DOE Order 5400.5).

Each of the three sites covered by this NI PEIS operates below al of these limits. The average individual in
the United States receives a dose of approximately 0.3 rem (300 millirem) per year from natural sources of
radiation. For perspective, amodern chest x-ray resultsin an approximate dose of 0.006 rem (6 millirem) and
a diagnostic pelvis and hip x-ray results in an approximate dose of 0.065 rem (65 millirem) (NCRP 1987).
An acute dose (i.e., adose over ashort period of time) of about 450 rem (450,000 millirem) would result in
a 50 percent chance of death.

For people working in an occupation that involves radiation, NRC and DOE limit doses to 5 rem per year
(5,000 millirem per year) (10 CFR Part 20, 10 CFR Part 835). The Administrative Control Level of 2 rem
(2,000 millirem) per year is typicaly imposed at DOE sites to comply with “as low as is reasonably
achievable’ initiatives (10 CFR Part 835).

H.2.1.2 Health Effects

Radiation exposure and its consequences are topics of interest to the general public. For this reason, this
NI PEIS places much emphasis on the consequences of exposure to radiation, even though the effects of
radiation exposure under most circumstances evaluated in this NI PEIS are small. To provide the background
for discussions of impacts, this section explains the basic concepts used in the evaluation of radiation effects.

Radiation can cause a variety of adverse health effectsin people. The most significant adverse health effect
that depicts the consequences of environmental and occupational radiation exposure is induction of cancer
fatalities. This effect is referred to as “latent” cancer fatalities because the cancer may take many years to
develop. Inthediscussionsthat follow, al fatal cancers are considered latent, and therefore the term “latent”
is not used.

Health impacts from radiation exposure, whether from sources external or internal to the body, generally are
identified as“somatic” (affecting the individual exposed) or “genetic” (affecting descendants of the exposed
individual). Radiation is more likely to produce somatic effects than to produce genetic effects. For this
NI PEIS, therefore, only the somatic risks are presented. The somatic risks of most importance are the
induction of cancers. With the exception of leukemia, which can have an induction period (time between
exposure to carcinogen and cancer diagnosis) of aslittle as 2 to 7 years, most cancers have an induction period
of more than 20 years.

For auniform irradiation of the body, the incidence of cancer varies among organs and tissues; the thyroid and
skin demondtrate a greater sensitivity than other organs. Such cancers, however, also produce relatively low
mortality rates because they are relatively amenable to medical treatment. Because of the readily available data
for cancer mortality rates and the relative scarcity of prospective epidemiologic studies, somatic effects leading
to cancer fatalities rather than cancer incidence are presented in this NI PEIS. The numbers of cancer fatalities
can be used to compare the risks among the various alternatives.
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The National Research Council’s Committee on the Biological Effects of lonizing Radiation (BEIR) has
prepared a series of reports to advise the U.S. Government on the health consequences of radiation exposures.
The latest of these reports, Health Effects of Exposure to Low Levels of loniziing Radiation BEIR V
(NAS 1990), providesthe most current estimates for excess mortality from leukemia, and cancers other than
leukemia, expected to result from exposure to ionizing radiation. This report updates the models and risk
estimates provided in an earlier report of the Committee, The Effects on Populations of Exposure to Low
Levels of lonizing Radiation. The BEIR V models were developed for application to the U.S. population.

BEIR V provides estimates that are consistently higher than those in its predecessor BEIR 11l. Thisincrease
is attributed to several factors, including the use of a linear dose response model for cancers other than
leukemia, revised dosimetry for the Japanese atomic bomb survivors, and additional follow-up studies of the
atomic bomb survivors and other cohorts. BEIR 111 employs constant relative and absolute risk models, with
separate coefficients for each of severa sex and age-at-exposure groups; BEIR V develops models in which
the excessrelative risk is expressed as a function of age at exposure, time after exposure, and sex for each of
several cancer categories. The BEIR 111 models were based on the assumption that absolute risks are
comparable between the atomic bomb survivors and the U.S. population; BEIR V models were based on the
assumption that the relative risks are comparable. For adisease such as lung cancer, where baselinerisksin
the United States are much larger than those in Japan, the BEIR V approach leads to larger risk estimates than
the BEIR 111 approach.

The models and risk coefficientsin BEIR V were derived through analyses of relevant epidemiol ogic data that
included the Japanese atomic bomb survivors, ankylosis spondylitis patients, Canadian and Massachusetts
fluoroscopy patients (breast cancer), New York postpartum mastitis patients (breast cancer), Isragl Tinea
Capitis patients (thyroid cancer), and Rochester thymus patients (thyroid cancer). Models for leukemia,
respiratory cancer, digestive cancer, and other cancers used only the atomic bomb survivor data, athough
results of analyses of the ankylosis spondylitis patients were considered. Atomic bomb survivor analyses were
based on revised dosimetry with an assumed relative biological effectiveness' of 20 for neutrons and were
restricted to doses less than 400 rads. Estimates of risks of fatal cancers other than leukemia were obtained
by totaling the estimates for breast cancer, respiratory cancer, digestive cancer, and other cancers.

Risk Egtimatesfor DosesEqual To or Greater Than 20 Rem (Accident Scenarios). BEIR V includes risk
estimates for a single exposure to a high level of radiation to all people in alarge population group. The
estimates are given in terms of lifetime risks per 1.0x10° person-rem. Fatality estimates for leukemia, breast
cancer, respiratory cancer, digestive cancer, and other cancers are given for both sexes and nine
age-at-exposure groups. These estimates, based on the linear model, are summarized in Table H-1. The
average risk estimate from all ages and both sexes is 885 excess |atent cancer fatalities per million person-rem.
This vaue has been conservatively rounded up to 1,000 excess latent cancer fatalities per million person-rem.

Although values for other health effects are not presented in this NI PEIS, the risk estimators for nonfatal
cancers and for genetic disorders to future generations are estimated to be approximately 200 and 260 per
million person-rem, respectively. These values are based on information presented in the
1990 Recommendations of the International Commission on Radiological Protection (ICRP 1991) and are
seen to be 20 percent and 26 percent, respectively, of the fatal cancer estimator. Thus, if the number of excess
latent fatal cancersis projected to be “X,” the number of excess genetic disorders would be 0.26 times*“ X.”

1 A relative biological effectiveness factor is essentially used to represent a given radiation type's (neutron, gamma, alpha, etc.)
ability to transfer energy to a given biological receptor.
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TableH-1 Lifetime Risks per Million Person-Rem for Individual Exposures
Greater Than 20 Rem

Type of Fatal Cancer
Gender Leukemia® Cancers Other Than Leukemia Total Cancers
Mae 220 660 880
Femae 160 730 890
Average 190 695 885"

a Thesearethelinear estimates, which are double the linear-quadratic estimates provided in BEIR V for leukemia at low doses and
doserates.

b. Thisvalue has been rounded up to 1,000 excess cancer fataities per million person-rem.

Source: NAS 1990.

Risk Estimates for Doses Less Than 20 Rem (Normal Operational Scenarios). For doses lower than
20 rem, alinear-quadratic model provides a significantly better fit to the data for leukemiathan alinear model,
and leukemiarisks were based on alinear-quadratic function, which reduces the effects by afactor of two over
estimates that are obtained from alinear model. For other cancers, linear models were found to provide an
adequate fit to the data and were used for extrapolation to low doses. The BEIR V Committee, however,
recommended reducing these linear estimates by a factor between 2 and 10 for doses received at low dose
rates. For this NI PEIS, arisk reduction factor of two was adopted for conservatism.

Based on the preceding discussion, the resulting risk estimator would be equal to half the value observed for
high-dose situations or approximately 500 excess latent cancer fatalities per million person-rem (0.0005 excess
cancer fatality per person-rem). Thisistherisk value used in this NI PEIS to calculate cancer fatalities to the
genera public during normal operations and also for accidentsin which individua doses are less than 20 rem.
For workers, avalue of 400 excess latent cancer fatalities per million person-rem (0.0004 excess latent cancer
fatality per person-rem) isused in this NI PEIS. Thislower value reflects the absence of children (who are
more radiosensitive than adults) in the workforce. Again, based on information provided in the
1990 Recommendations of the International Commission on Radiological Protection (ICRP 1991), the health
risk estimators for nonfatal cancer and genetic disorders among the public are 20 percent and 26 percent,
respectively, of the fatal cancer risk estimator. For workers, the health risk estimators are both 20 percent of
the fatal cancer risk estimator. For this NI PEIS, only fatal cancers are presented.

Therisk estimates may be applied to cal culate the effects of exposing apopulation to radiation. For example,
in a population of 100,000 people exposed only to natural background radiation (0.3 rem per year), 15 latent
cancer fatalities per year would result from this radiation (100,000 persons x 0.3 rem per year x 0.0005 latent
cancer fatality per person-rem = 15 latent cancer fatalities per year).

Cdculations of the number of excess cancer fatalities associated with radiation exposure do not dways yield
whole numbers; calculations may yield numbers less than 1.0, especialy in environmental applications. For
example, if apopulation of 100,000 were exposed as described in the previous paragraph, but to atotal dose
of only 0.001 rem, the collective dose would be 100 person-rem, and the corresponding estimated number of
latent cancer fatalities would be 0.05 (100,000 persons x 0.001 rem x 0.0005 latent cancer fatality per
person-rem = 0.05 latent cancer fatality).

For latent cancer fatalities less than 1.0, the estimated 0.05 latent cancer fatality is a statistical estimate. The
latent cancer fatdity of 0.05 is the average number of deaths that would result if the same exposure situation
were gpplied to many different groups of 100,000 people. In most groups, no person (zero people) would incur
alatent cancer fatality from the 0.001 rem dose each member would have received. In asmall fraction of the
groups, one latent cancer fatality would result; in exceptionally few groups, two or more latent cancer fatdities
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would occur. The average number of deaths over al the groups would be 0.05 latent cancer fatality (just as
the average of 0, 0, 0, and 1 is 1/4, or 0.25). The most likely outcomeis O latent cancer fatality.

These same concepts apply to estimating the effects of radiation exposure on asingleindividual. Consider the
effects, for example, of exposure to background radiation over a lifetime. The “number of latent cancer
fatalities’ corresponding to asingle individual’ s exposure over a (presumed) 72-year lifetime to 0.3 rem per
year is the following:

1 person x 0.3 rem per year x 72 years x 0.0005 latent cancer fatality/person-rem = 0.011 latent cancer fatality.

Again, this is a statistical estimate; that is, the estimated effect of background radiation exposure on the
exposed individua would produce a 1.1 percent chance that the individual might incur alatent cancer fatality
caused by the exposure over hisfull lifetime. Presented another way, this method estimates that approximately
1.1 percent of the population might die of cancers induced by background radiation.

H.2.2 Methodology for Estimating Radiological Impacts

The potential radiological impacts associated with normal operating conditions and accidents at the processing
facilities were caculated using Version 1.485 of the GENII computer code. Site-specific and
technol ogy-specific input data were used, including location, meteorology, population, food production and
consumption, and source terms. Section H.2.2.1 briefly describes GENII and outlines the approach used for
modeling normal operations and facility accidents.

H.22.1 GENII Computer Code

The GENII computer model, developed by DOE at the Pacific Northwest National Laboratory, isan integrated
system of various computer modules that analyze environmental contamination resulting from acute or chronic
releases to, or initial contamination in, air, water, or soil. The model calculates radiation doses to individuals
and populations. The GENII computer model is well documented for assumptions, technical approach,
methodology, and quality assurance issues (Napier et al. 1988). The GENII computer model has gone through
extensive quality assurance and quality control steps, including comparing results from model computations
with those from hand calculations and performing internal and external peer reviews. Recommendations given
in these reports were incorporated into the final GENII computer model, as deemed appropriate.

For thisNI PEIS, only the ENVIN, E